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3.0 REFERENCE SUBSTANCES USED FOR VALIDATION OF THE 3T3 AND 44 

NHK NRU TEST METHODS 45 

 46 

This section discusses the rationale for the selection of the 72 reference substances tested to 47 

validate the 3T3 and NHK NRU test methods for determining starting doses for rodent acute 48 

oral systemic toxicity testing.  Information regarding chemical class and physical/chemical 49 

characteristics is provided, as is the available information on toxicological characteristics, 50 

such as target, organ, extent of metabolism, and mechanism of action, for the 72 reference 51 

substances.  Such information may be useful for characterizing the performance of the 3T3 52 

and NHK NRU test methods for various chemical types.  Chemical supplier and purity 53 

information are provided as well as the methods for purchasing, coding, and distributing the 54 

substances to the testing laboratories.  55 

 56 

3.1 Rationale for the Reference Substances Selected for Testing  57 

 58 

This section describes the procedure used to select the 72 reference substances tested in the 59 

NICEATM/ECVAM validation study. 60 

 61 

3.1.1 Reference Substance Selection Criteria 62 

The SMT selected reference substances for testing in 2001 and 2002 using a process based 63 

primarily on general recommendations made by Workshop 2000 participants (ICCVAM 64 

2001b).  The following criteria were used: 65 

• the toxicities of the reference substances should be evenly distributed across the 66 

expected range of LD50 values (i.e., the GHS classification for acute oral 67 

toxicity [UN 2005]) 68 

• the reference substances should cover a wide range of structural and use classes, 69 

according to the needs of various user communities  70 

• substances with human toxicity data and/or human exposure potential (i.e., 71 

substances of interest to society) should be included  72 

 73 
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Table 3-1 shows the GHS classification scheme which classifies chemicals into five toxicity 74 

categories or an unclassified group based on acute oral LD50 values (UN 2005).  75 

 76 

Table 3-1 UN GHS1 Classification Scheme for Acute Oral Toxicity 77 

Category LD50 (mg/kg) 

1 LD50 ≤ 5 

2 5 < LD50 ≤ 50 

3 50 < LD50 ≤ 300 

4 300 < LD50 ≤ 2000 

5 2000 < LD50 ≤ 5000 

Unclassified LD50 > 5000 
1Globally Harmonized System of Classification and Labelling of 78 
Chemicals (UN 2005) 79 

 80 

For the purposes of toxicity classification, the rodent oral LD50 values for individual 81 

reference substances were obtained from readily available toxicological databases.  Rat LD50 82 

values were preferred, but mouse LD50 values were used (three reference substances) when 83 

rat data were unavailable.  However, mouse data were not used in the regression analyses 84 

(See Section 6).  The Registry of Cytotoxicity (RC) is a database of acute oral LD50 values 85 

for rats and mice obtained from RTECS® and IC50 values from in vitro cytotoxicity assays 86 

using multiple cell lines and cytotoxicity endpoints for chemicals with known molecular 87 

weights (Halle 1998).  The toxicological databases, in order of preference, were:  88 

• the RC, which contains LD50 values that came largely from the 1983/84 89 

RTECS® (Halle et al. 1998) 90 

• the current RTECS® (MDL Information Systems 2001, 2002)  91 

• the current Hazardous Substances Data Bank (HSDB; U.S. National Library of 92 

Medicine [NLM] 2001, 2002).   93 

 94 

To assure that a wide range of structural and use classes were selected, reference substances 95 

of interest to the various U.S. regulatory agencies, as determined from chemical lists 96 

(personal communication) from the agencies, were included.  Chemicals with human toxicity 97 

data and/or human exposure potential (i.e., chemicals of interest to society) were chosen by 98 

mining publicly available databases (e.g., NTP test database) for potential candidates. 99 
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 100 

3.1.2 Candidate Reference Substances  101 

Sources of Candidate Chemicals 102 

The process of identifying the 72 reference substances started with the compilation of a 103 

database that ultimately contained 116 candidate chemicals.  The intent of the SMT was to 104 

compile a database with more than 12 chemicals in each toxicity category that also met the 105 

other criteria, and then to prioritize the chemicals in each category to select the 72 reference 106 

substances to be tested.  As recommended by the Workshop 2000 participants (ICCVAM 107 

2001a), the following publicly available databases and other indicated sources were used to 108 

identify candidate chemicals: 109 

• the MEIC program, which collected human toxicity data and in vitro toxicity 110 

data from 61 test methods for the first 50 chemicals (Ekwall et al. 1998)  111 

• the RC (Halle 1998), which contains a compilation of in vitro cytotoxicity and 112 

in vivo rodent LD50 data for 347 chemicals   113 

• the Toxic Exposure Surveillance System (TESS) (Litovitz et al. 2000), which 114 

compiles reports of toxic human exposures from poison control centers 115 

throughout the United States 116 

• pesticides recommended for consideration by the EPA Office of Pesticide 117 

Programs (OPP)   118 

• the Guidance Document (ICCVAM 2001b), which reported the NRU results for  119 

11 RC chemicals using protocols similar to those used in the 120 

NICEATM/ECVAM validation study  121 

• the U.S. NTP test database, which contains information on the toxicity of 122 

chemicals relevant to human exposure (NTP 2002)  123 

• the EPA High Production Volume (HPV) Challenge Program, which is a 124 

voluntary testing program to provide the public with a complete set of baseline 125 

health and environmental effects data for each chemical that is manufactured 126 

within or imported into the United States at amounts > 1 million pounds/year 127 

(EPA 2000)   128 

 129 

Selection of Candidate Chemicals 130 
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The complete list of candidate chemicals is provided in Table 3-2.  The left side of Table 3-2 131 

presents selected chemicals and the right side presents the alternate chemicals.  The candidate 132 

chemicals are grouped by GHS acute oral toxicity classification.  For each candidate 133 

chemical, the table provides the corresponding rat or mouse oral LD50 value, the database(s) 134 

or other source(s) used to identify the chemical as a potential candidate, and the type of 135 

product and/or use for the chemical.  Product/use categories were identified from HSDB 136 

(NLM 2001, 2002) or RTECS (MDL Information Systems 2001, 2002). 137 

 138 

The final list of candidate chemicals compiled by the SMT included: 139 

• 65 MEIC chemicals.  These include the first 50 chemicals evaluated by MEIC 140 

as well as another 15 chemicals that were identified for future evaluation (C. 141 

Clemedson, personal communication 2001).  Twenty of these chemicals were 142 

identified for the EDIT program, a follow-on project to the MEIC study to 143 

develop supplementary toxicity and kinetic tests (to determine distribution of 144 

chemicals in the body and biotransformation of chemicals to more toxic 145 

metabolites) to improve the prediction of human toxicity by the battery of tests 146 

identified as the best predictors in the MEIC program (Clemedson et al. 2002).  147 

The EDIT chemicals were selected by excluding MEIC chemicals that were 148 

volatile, those that precipitated at the IC50 dose level, and those with sparse or 149 

insufficient data on human toxicity or mechanism of acute toxicity 150 

• 16 pesticides with extensive human exposure nominated by the EPA OPP.  151 

These included fenpropathrin, endosulfan, bromoxynil (phenol), fipronil, 152 

carbaryl, rotenone, metaldehyde, molinate, 1,3-dichloropropene, dichlorvos, 153 

chlorpyrifos, sodium arsenite, triphenyltin hydroxide, cycloheximide, acrolein, 154 

and boric acid.  Pentachlorophenol was also nominated, but was already on the 155 

candidate list since it was a MEIC chemical  156 

 157 

 158 
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 159 

Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

LD50 ≤ 5 mg/kg 

Mercury II chloride 1 
MEIC, EDIT, 
RC (outlier), 
TESS, NTP 

Preservative/ 
manufacturing/ 
insecticide 

Aflatoxin B1 5.0 RC (outlier) 
Prohibitively 
expensive 

Food contaminant 

Triethylenemelamine 1 
RC (outlier), 
NTP 

Manufacturing/ 
insect sterilant 

          

Sodium selenate 2a TESS, NTP Feed additive      

Busulfan 2 
RC (outlier), 
NTP 

Pharmaceutical 
(antineoplastic) 

          

Cycloheximide 2 
RC (outlier), 
NTP 

Antibiotic/fungicide      

Disulfoton 2 
RC (outlier), 
EPA, NTP 

Pesticide (insecticide)           

Parathion 2 
RC (outlier), 
EPA, NTP 

Pesticide (insecticide)      

Strychnine    2a 
MEIC, TESS, 
EPA 

Pesticide (rodenticide)           

Aminopterin 3b RC 
Pharmaceutical 
(antineoplastic); 
Rodenticide 

     

Phenylthiourea 3 
RC (outlier), 
NTP 

Pesticide (rodenticide)           

Epinephrine bitartrate  4b 
RC (outlier), 
NTP (HCl salt) 

Pharmaceutical 
(adrenergic) 

     

Physostigmine  5a EHS 
Pharmaceutical 
(anticholinesterase) 

          

5 < LD50 ≤ 50 mg/kg 

Colchicine  6b 
MEIC, RC, 
TESS, NTP 

Pharmaceutical (gout 
suppressant) 

2,4-Dinitrophenol 30 
RC (outlier), NTP, 
HPV 

 
Pesticide (fungicide/ 
insecticide) 
manufacturing 

Potassium cyanide 10 
MEIC, EDIT, 
RC (outlier), 
TESS 

Electroplating t-Butylamine 44a EPA, NTP, HPV   Manufacturing 
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Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

Dichlorvos 17a 
TESS, EPA, 
NTP, HPV  

Pesticide (insecticide) Acrolein 46 
RC, TESS, EPA, 
NTP, HPV  

Volatile 
(BP=52°C) 

Pesticide (herbicide/ 
rodenticide/ algicide), 
manufacturing 

Digoxin 18b 
MEIC, EDIT, 
RC (outlier), 
TESS 

Pharmaceutical 
(antiarrhythmic) 

          

Fenpropathrin 18a EPA  Pesticide (insecticide)      

Endosulfan 18a 
TESS, EPA, 
NTP 

Pesticide (insecticide)           

Arsenic III trioxide 20 
MEIC, EDIT, 
RC, TESS, 
EPA, NTP 

Pesticide (insecticide)      

Thallium I sulfate 29b 
MEIC, EDIT, 
RC (outlier), 
TESS 

Pesticide (rodenticide/ 
insecticide) 

          

Sodium arsenite 41a TESS, NTP 
Pesticide (herbicide, 
insecticide, fungicide) 

     

Triphenyltin 
hydroxide 

44 
RC, EPA, NTP, 
HPV 

Pesticide (fungicide/ 
insecticide) 

          

Sodium dichromate 
dihydrate 

50 
RC, EPA, GD, 
NTP  

Oxidizing agent      

Nicotine 50 

MEIC, EDIT, 
RC (outlier), 
TESS, EPA, 
NTP 

Pharmaceutical 
(stimulant) 

          

50 < LD50 ≤ 300 mg/kg 

Paraquat 58 
MEIC, EDIT, 
RC (outlier), 
TESS, EPA 

Pesticide (herbicide) Pentachlorophenol 51 
MEIC, RC 
(outlier), NTP 

 Disinfectant 

Hexachlorophene 61 
MEIC, RC, 
TESS, NTP 

Disinfectant Amphetamine sulfate  55 
MEIC, EDIT, RC 
(outlier), TESS, 
NTP 

DEA 
Pharmaceutical 
(stimulant) 

Lindane 76 
MEIC, EDIT, 
RC (outlier), 
EPA, NTP 

Pesticide (insecticide) Rotenone 60 
RC, TESS, EPA, 
NTP 

 
Pesticide (insecticide/ 
piscicide) 
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Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

Cadmium II chloride 88 
RC, TESS, GD, 
NTP 

Consumer/ industrial 
products 

Furfural 65a NTP, HPV   Solvent, food additive 

Verapamil HCl 108 
MEIC, EDIT, 
RC (outlier), 
TESS. NTP 

Pharmaceutical 
(antiarrhythmic) 

p-Phenylenediamine 80 
RC, GD, NTP, 
HPV 

 Dyeing 

Haloperidol   128a MEIC, TESS 
Pharmaceutical 
(antipsychotic) 

Chlorpyrifos 82a TESS, EPA, NTP   Pesticide (insecticide) 

Sodium oxalate 155 
MEIC, EDIT, 
RC, TESS, NTP 

Paints, cleaners 
Dextropropoxyphene 
HCl 

83 
MEIC, RC 
(outlier), TESS 

 
Pharmaceutical 
(analgesic) 

Phenobarbital 163 
MEIC, RC 
(outlier), TESS, 
NTP 

Pharmaceutical 
(anticonvulsant) 

Methadone   86a MEIC,TESS, NTP DEA 
Pharmaceutical 
(analgesic)  

Sodium I fluoride 180 
MEIC, RC, 
TESS, EPA, 
NTP  

Electroplating, 
fluoridation 

Fipronil 92a EPA  Pesticide (insecticide) 

Caffeine 192 
MEIC, RC 
(outlier), TESS, 
NTP, HPV 

Pharmaceutical 
(stimulant), food additive 

Pentobarbital  125 MEIC, RC TESS DEA 
Pharmaceutical 
(sedative) 

Diquat dibromide 231 
MEIC, RC, 
TESS 

Pesticide (herbicide) Bromoxynil (phenol) 190a EPA  Pesticide (herbicide) 

Cupric sulfate * 5 
H2O 

300 
MEIC, RC, 
TESS, EPA, 
NTP 

Pesticide (insecticide/ 
fungicide) 

Diphenylhydantoin 199 
MEIC, RC, TESS, 
NTP 

  
Pharmaceutical 
(anticonvulsant) 

    Metaldehyde 227a TESS, EPA  Pesticide (molluscicide) 
        Carbaryl 230 RC, EPA. NTP   Pesticide (insecticide) 

300 < LD50 ≤ 2000 mg/kg 

Amitriptyline HCl 319 
MEIC, EDIT, 
RC, TESS 

Pharmaceutical 
(antidepressant) 

Ferrous sulfate 319 MEIC, RC, TESS  Food additive 

Phenol 414 
MEIC, RC, 
TESS, EPA, 
NTP, HPV 

Disinfectant Warfarin 324 
MEIC, RC, TESS, 
EPA 

  
Pharmaceutical 
(anticoagulant), pesticide 

Propranolol HCl 470b 
MEIC, RC, 
TESS, GD 

Pharmaceutical 
(antiarrhythmic) 

Disopyramide   333a MEIC, TESS  
Pharmaceutical 
(antiarrythmic) 

Chloral hydrate   479 
MEIC, RC, 
TESS, NTP 

Pharmaceutical 
(sedative) 

Barium II nitrate 355 
MEIC, RC, TESS, 
NTP 

  Pyrotechnic 

Glutethimide   600 MEIC, RC, Pharmaceutical Thioridazine HCl 358 MEIC, RC, TESS  Pharmaceutical 
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Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

TESS (sedative) (antipsychotic) 

Atropine sulfate  623 
MEIC, EDIT, 
RC, TESS 

Pharmaceutical 
(antimuscarinic) 

Methylphenidate 367a NTP DEA 
Pharmaceutical 
(stimulant) 

Valproic acid   1695 b 
RC, MEIC, 
TESS, NTP 

Pharmaceutical 
(anticonvulsant) 

Molinate 369a EPA, NTP   Pesticide (herbicide) 

Meprobamate   794a MEIC, TESS 
Pharmaceutical 
(antidepressant) 

2,4-Dichlorophenoxy-
acetic acid 

369 
MEIC, RC, TESS, 
EPA, NTP, HPV 

 Pesticide (herbicide) 

Acetylsalicylic acid 1000 
MEIC, EDIT, 
RC, TESS, NTP 

Pharmaceutical 
(analgesic) 

Orphenadrine HCl 425 MEIC, RC, NTP   
Pharmaceutical 
(analgesic) 

Lithium I sulfate 1187b 
MEIC, RC, 
TESS, NTP (Cl 
salt) 

Pharmaceutical (mood 
stabilizer) 

Trichlorfon 451 
RC, EPA, GD, 
NTP 

 Pesticide (insecticide) 

Procainamide 1950a MEIC, TESS 
Pharmaceutical 
(antiarrythmic) 

Quinidine sulfate 456 
MEIC, RC, NTP 
(base) 

  
Pharmaceutical 
(antiarrhythmic) 

Carbamazepine   1957a MEIC, TESS 
Pharmaceutical 
(antiepileptic) 

1,3-Dichloropropene 470a TESS, EPA, NTP  Pesticide (nematocide) 

    Theophylline 600 b 
MEIC, RC, TESS, 
NTP 

 
Pharmaceutical 
(antiasthmatic) 

        Isoniazid 650 
MEIC, RC, TESS, 
NTP 

  
Pharmaceutical 
(antibiotic) 

    Diazepam 709 
MEIC, EDIT, RC, 
TESS, NTP 

DEA 
Pharmaceutical 
(anxiolytic) 

        Maprotiline   760a MEIC, TESS   
Pharmaceutical 
(antidepressant) 

    Methyleugenol 810a NTP  Food additive 

        Diphenhydramine HCl 855 
MEIC, RC, TESS, 
NTP 

  
Pharmaceutical 
(antihistamine) 

    Malathion 885 
MEIC, EDIT, RC, 
TESS, EPA, NTP 

 Pesticide (insecticide) 

        Salicylic acid 891 
RC, TESS, GD, 
NTP, HPV 

  
Pharmaceutical 
(analgesic) 

    Chloroform 908 
MEIC, RC, NTP, 
HPV 

Volatile 
(BP=61°C)  

Solvent 

        
Chloroquine 
diphosphate 

970 MEIC, RC   
Pharmaceutical 
(antimalarial)) 
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Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

    Ibuprofen 1009 RC, TESS, GD  
Pharmaceutical 
(analgesic) 

        Nalidixic acid 1349 RC, GD, NTP   
Pharmaceutical 
(antibiotic) 

    Dichloromethane 1597 
MEIC, RC, TESS, 
NTP, HPV 

Volatile 
(BP=40°C) Solvent 

        Antipyrene 1800 RC, GD   
Pharmaceutical 
(analgesic) 

2000 < LD50 ≤ 5000 mg/kg 

Acetaminophen 2404 
MEIC, EDIT, 
RC, TESS, NTP 

Pharmaceutical 
(analgesic) 

     

Potassium I chloride 2602 
MEIC, RC, 
TESS, NTP 

Pharmaceutical 
(electrolyte), 
manufacturing 

          

Boric aid  2660a 
TESS, EPA, 
NTP 

Pesticide (insecticide)      

Carbon tetrachloride 2799 
MEIC, RC, 
TESS, NTP, 
HPV 

Solvent           

Dimethylformamide 2800 
RC, GD, NTP, 
HPV 

Solvent      

Sodium chloride 2998 
MEIC, EDIT, 
RC, TESS, 
EPA, NTP 

Pharmaceutical 
(electrolyte), food 
additive 

          

Citric Acid 3000a 
EPA, NTP, 
HPV 

Food additive      

Chloramphenicol 3393 
MEIC, RC, 
NTP 

Pharmaceutical 
(antibiotic) 

          

Lactic acid 3730 RC, NTP, HPV Food additive      
Acetonitrile 3798 RC, NTP, HPV Solvent           

Xylene 4300 
MEIC, RC, 
TESS, NTP, 
HPV 

Solvent      

Trichloroacetic acid 4999 RC, NTP Fixative           
LD50 > 5000 mg/kg 
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Table 3-2 Candidate Chemicals for the 3T3 and NHK NRU Test Methods Validation Study 

Selected Chemicals Alternate Chemicals 

GHS    
Category1/Chemical 

Rodent    
Oral LD50

2 
(mg/kg) 

Source3 Product/Use4 
GHS  

Category1/Chemical 

Rodent   
Oral LD50

2 
(mg/kg) 

Source3 Notes5 Product/Use4  

2-Propanol 5843 
MEIC, RC, 
TESS, EPA, 
NTP, HPV 

Disinfectant      

Gibberellic acid 6305 RC, EPA, NTP Plant growth regulator           

Propylparaben 6326b 
RC (outlier), 
NTP 

Food additive      

5-Aminosalicylic acid 7749b 
RC (outlier), 
NTP 

Pharmaceutical 
(antibiotic) 

          

Ethylene glycol 8567 
MEIC, EDIT, 
RC, TESS, 
NTP, HPV 

Antifreeze      

Diethyl phthalate 8602 
RC (outlier), 
NTP, HPV 

Plasticizer 
  

      
  

Sodium hypochlorite 8910d TESS, NTP Disinfectant      

1,1,1-Trichloroethane 10298 
MEIC, RC, 
NTP, HPV  

Solvent           

Dibutyl phthalate 11998 
RC (outlier), 
NTP, HPV 

Plasticizer 
 

   
 

Glycerol 12691 
RC, GD, NTP, 
HPV 

Solvent           

Methanol 13012 
MEIC, EDIT, 
RC, TESS, 
NTP, HPV 

Solvent      

Ethanol 14008 

MEIC, RC 
(outlier), TESS, 
EPA, NTP, 
HPV 

Solvent           

1GHS-Globally Harmonized System of Classification and Labelling of Chemicals for acute oral toxicity (UN 2005). 160 
2LD50 data are from the Registry of Cytotoxicity (Halle 1998) and are for rats, the preferred species for oral acute toxicity studies, unless otherwise noted.  Data with decimal 161 
places are rounded to the nearest one. 162 
3Sources used to identify candidate chemicals: EDIT = Evaluation-guided Development of New In vitro Test Batteries; EPA = pesticides registered with the Environmental 163 
Protection Agency; EHS = EPA’s Extremely Hazardous Substance list; HPV = High Production Volume chemicals (i.e., those that are imported into or produced in the United 164 
States in amounts > 1,000,000 lbs/year; GD = Guidance Document (ICCVAM 2001b); MEIC = Multicentre Evaluation of In Vitro Cytotoxicity; NTP = National Toxicology 165 
Program; RC = Registry of Cytotoxicity with chemicals classified as regression outliers shown in parentheses;  TESS = Toxic Exposure Surveillance System (Litovitz et al. 2000).   166 
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4Product/use categories from Hazardous Substances Data Bank (NLM 2002) or Registry of Toxic Effects of Chemical Substances ([RTECS®], MDL Information Systems 2002).  167 
Pharmaceutical uses from Gilman et al. (1985) or Thomson PDR® (2004).  168 
5Only chemicals expected to be too volatile for the cytotoxicity assay system have "volatile" notations.  BP = Boiling point.  DEA (U.S. Drug Enforcement Agency) refers to 169 
Schedule II controlled substances.  Chemicals with no "DEA" notation are expected to be under less strict control. 170 
aRTECS® (MDL Information Systems 2002). 171 
bMouse.172 
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• five chemicals associated with the highest incidence of toxic exposures reported 173 

by U.S. poison control centers participating in the TESS (Litovitz et al. 2000): 174 

hypochlorite, acetaminophen, ethanol, diphenhydramine, and isopropanol.  The 175 

five chemicals with the greatest incidence of toxic exposures among children 176 

were the same, except that oxalate replaced ethanol.  Most of these chemicals 177 

were already identified as candidate chemicals due to their inclusion in the 178 

MEIC study.  Since hypochlorite (sodium salt) and diphenhydramine, were not 179 

already included, they were added to the list of candidates 180 

• 11 chemicals recommended in the Guidance Document (ICCVAM 2001b) for 181 

qualifying in vitro cytotoxicity assays for the prediction of starting doses using 182 

the RC regression.  These chemicals were recommended because the IC50 and 183 

LD50 data for these chemicals fit the RC regression line extremely well.  These 184 

chemicals were sodium dichromate dihydrate, cadmium chloride, p-185 

phenylenediamine, DL-propranolol HCl, trichlorfon, ibuprofen, nalidixic acid, 186 

salicylic acid, antipyrene, dimethylformamide, and glycerol 187 

• 16 chemicals from the NTP 188 

o furfural, methyleugenol, and methylphenidate, scheduled for testing by the 189 

NTP National Center for Toxicogenomics (NCT) (G. Boorman, personal 190 

communication 2001), were added.  Acetaminophen, another hepatotoxin to 191 

be tested by the NCT, was already a candidate chemical because it was 192 

included in the MEIC study.  Chromium (VI), recommended by the NTP for 193 

consideration due to the potential for human exposure via drinking water 194 

(NTP 2002) was represented in the list of candidate chemicals by sodium 195 

dichromate dihydrate, which was also recommended in the Guidance 196 

Document (ICCVAM 2001b) 197 

o dibutyl phthalate, 5-aminosalicylic acid, propylparaben, gibberellic acid, and 198 

diethyl phthalate were added to increase the number of chemicals with LD50 199 

values > 5000 mg/kg  200 

o trichloroacetic acid was added to increase the number of chemicals in the 201 

2000 < LD50 ≤ 5000 mg/kg category  202 
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o sodium selenate was added to increase the number of chemicals in the LD50 203 

≤ 5 mg/kg category to 12 204 

o six chemicals that were also on the HPV list were added.  Lactic acid, citric 205 

acid, and acetonitrile were added to increase the number of chemicals in the 206 

2000 < LD50 ≤ 5000 mg/kg category.  Tert-butylamine, 2,4-dinitrophenol, 207 

and acrolein were added to increase the number of chemicals in the 5 < LD50 208 

≤ 50 mg/kg category 209 

• eight additional RC chemicals in the LD50 ≤ 5 mg/kg category.  These were: 210 

triethylenemelamine, busulfan, disulfoton, parathion, aminopterin, 211 

phenylthiourea, epinephrine bitartrate, and aflatoxin B1  212 

 213 

The goal to identify more than 12 candidate chemicals for each toxicity category was 214 

unrealized for three toxicity categories.  The most toxic category (LD50 ≤ 5 mg/kg), and least 215 

toxic categories (2000 < LD50 ≤ 5000 mg/kg, LD50 > 5000 mg/kg), contained only 12 216 

candidate chemicals each.  The intermediate toxicity categories (50 < LD50 ≤ 300 mg/kg, > 217 

300 < LD50 ≤ 2000 mg/kg), however, contained two to three times the minimum number of 218 

candidate chemicals.   219 

 220 

3.1.3 Selection of Reference Substances for Testing 221 

Using the candidate chemical database, 72 reference substances (12 unclassified chemicals 222 

and 12 chemicals from each the five GHS acute oral toxicity hazard categories) were selected 223 

for use in the NICEATM/ECVAM validation study.  The criteria for prioritizing the 224 

candidate chemicals were:   225 

• the availability of rodent acute oral toxicity data (e.g., RC, RTECS®)  226 

• the availability of human acute oral toxicity data and/or relevance for human 227 

exposure (e.g., MEIC, EDIT, TESS, NTP) 228 

• the lack of excessive volatility as estimated by SMT chemical consultants.  229 

Since the cells are exposed for 48 hours while incubated at 37°C in 96-well 230 

plates, volatilization from wells with high reference substance concentrations 231 

would reduce the extent of cytotoxicity and potentially contaminate other wells 232 

in close proximity 233 
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• the lack of U.S. Drug Enforcement Agency (DEA) controls.  Excluding 234 

chemicals that are listed in DEA Schedules I and II from consideration obviates 235 

the requirement for U.S. laboratories to obtain a DEA license and adhere to 236 

strict chemical storage and control procedures  237 

• practical considerations such as cost and disposal issues   238 

 239 

If more than twelve candidate chemicals in a GHS category met the above criteria, then 240 

selection was based on two further considerations.  One consideration was the distribution of 241 

chemical toxicities within each toxicity category (i.e., the goal was to select chemicals that 242 

represented the entire range of toxicity within each category).  Another consideration, which 243 

applied only to candidate chemicals selected from the RC database, was the fit of the 244 

chemical to the RC regression.  Chemicals with the best fit to the RC regression were 245 

preferentially selected to prevent the entire set of reference substances from having 246 

proportionally more “outlier” substances (i.e., greater than one-half log from the RC 247 

regression) than the entire RC database. 248 

 249 

The final list of selected reference substances is provided by GHS acute oral toxicity 250 

category on the left side of Table 3-2.   251 

 252 

3.2 Rationale for the Number of Reference Substances Selected 253 

 254 

Seventy-two reference substances were used to evaluate the ability of the 3T3 and NHK 255 

NRU test methods to estimate the acute oral LD50 and thus the starting dose for in vivo acute 256 

oral toxicity tests.  The SMT determined the number of reference substances for testing by 257 

first using the GHS classification scheme for acute oral toxicity (UN 2005) to assure that the 258 

candidate chemicals covered the complete range of toxicity, (see Table 3-1) then deciding 259 

how many chemicals would be tested per category.  To adequately cover the range of toxicity 260 

within each of the six toxicity groups, the SMT decided to test 12 chemicals per group.  261 

Seventy-two reference substances (12 substances/group with six groups) were deemed 262 

adequate by the SMT, the ICCVAM Acute Toxicity Working Group (ATWG), ICCVAM, 263 

and ECVAM. 264 
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 265 

The total number of reference substances was comparable to the number used in other 266 

contemporary in vitro test method multilaboratory validation studies.  The European 267 

Cosmetic, Toiletry, and Perfumery Association evaluation of multiple alternatives to the 268 

Draize eye irritation test used 55 reference substances (Brantom et al. 1997).  ECVAM’s 269 

evaluations of in vitro dermal corrosivity test methods (Fentem et al. 1998) and in vitro 270 

dermal irritation assays (Botham 2004) used 60 reference substances.  271 

 272 

3.3 Characteristics of the Selected Reference Substances  273 

 274 

The physical/chemical and toxicological information in Appendix F may be useful for 275 

characterizing the performance of the in vitro NRU assays for various chemical types.  276 

Appendix F-1 lists the selected reference substances in alphabetical order with information 277 

on the CASRN, purity, supplier, pH, and concentrations tested in the in vitro NRU 278 

cytotoxicity assays.  Appendix F-2 also provides the reference substances in alphabetical 279 

order, but with the available information on molecular weight, chemical class, water 280 

solubility, acid/base dissociation constant (pK), boiling point, lipid solubility (log Kow), 281 

major toxic effects, ability to pass the blood:brain barrier, metabolic activation/inactivation, 282 

and mechanism of lethality.  The remainder of Section 3.3 summarizes selected 283 

characteristics of the reference substances.   284 

 285 

3.3.1 Source Databases Represented by the Selected Reference Substances 286 

The primary sources of chemicals, which reflect the level of societal interest, were well 287 

represented in the final list of reference substances.  Table 3-3 shows the distribution of 288 

reference substances by GHS category from the MEIC, EDIT, TESS, NTP, and HPV lists.  289 

Forty-two (58%) of the 72 selected chemicals were MEIC chemicals (17 of the 42 MEIC 290 

chemicals [40%] were EDIT chemicals), 46 (64%) chemicals were involved in human 291 

poisonings report by TESS, 51 (71%) chemicals have been evaluated by the NTP, and 18 292 

(25%) chemicals are listed in the EPA’s HPV Challenge Program.  Some chemicals were 293 

found in more than one source.  294 

 295 
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The other major source of chemicals was the RC.  As shown in Table 3-4, 58 (81%) of the 296 

selected chemicals were included in the RC.  Since one of the regression formulas evaluated 297 

in the NICEATM/ECVAM validation study was the RC regression, the fit of the RC 298 

chemicals to the regression was relevant (Halle 1998).  Halle (1998) defined outliers as those 299 

chemicals with log IC50-log LD50 points that were > 0.699 (i.e., log 5) from the RC 300 

regression.  For each toxicity category, Table 3-4 shows the number of RC outliers selected 301 

for testing and the corresponding number of outliers in the RC.  Although the percentage of 302 

outliers for the selected chemicals in several GHS categories is similar to the RC, the total 303 

percentage of RC outliers in the set of reference substances (i.e., 38% [22/58]) is greater than 304 

the total percentage of outliers in the RC (i.e., 27% [95/347]).  For the reference substances, 305 

the RC prediction model underpredicted toxicity (i.e., actual LD50 is lower than predicted) for 306 

17 outliers and overpredicted toxicity (i.e., actual LD50 is higher than predicted) for five 307 

outliers.  Figure 3-1 shows the 58 RC chemicals selected for testing with the remaining 289 308 

RC data points and the RC regression.  In the figure, the outliers are those points outside the 309 

RC prediction interval.  The 17 outlier chemicals for which toxicity is underpredicted are 310 

below the lower prediction interval and the five outliers for which toxicity is overpredicted 311 

are above the upper prediction interval. 312 

 313 
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Table 3-3 Distribution of Candidate Chemicals and Reference Substances by Source1 and Toxicity Category 314 

GHS2 Category 
(LD50 in mg/kg) 

Reference Substances/ 
Candidate Chemicals 

MEIC Reference/ 
MEIC Candidates 

EDIT Reference/ 
EDIT Candidates 

TESS Reference/ 
TESS Candidates 

NTP Reference/ 
NTP Candidates 

HPV Reference/ 
HPV Candidates 

LD50 ≤ 5  12/13 2/2 1/1 3/3 5/5 0/0 

5 < LD50 ≤ 50  12/15 6/6 5/5 9/10 8/11 2/5 

50 < LD50 ≤ 300  12/26 11/17 4/5 11/19 9/18 1/3 

300 < LD50 ≤ 2000  12/38 12/29 3/5 12/27 5/23 1/5 

2000 < LD50 ≤ 5000  12/12 6/6 2/2 6/6 12/12 6/6 

LD50 > 5000  12/12 5/5 2/2 5/5 12/12 8/8 

Total 72/116 42/65 17/20 46/70 51/81 18/27 
1Substances may be represented in more than one source (see Table 3-2). 315 
2GHS = Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005). 316 
MEIC = Multicentre Evaluation of In Vitro Cytotoxicity; EDIT= Evaluation-Guided Development of In vitro Tests; TESS =Toxic Exposure Surveillance 317 
System; NTP = U.S. National Toxicology Program; HPV = EPA High Production Volume program. 318 
 319 
 320 

321 



Draft In Vitro Acute Toxicity Test Methods BRD: Section 3    17 Mar 2006 
 

3-20 

Table 3-4 Selected Chemicals: Distribution of Registry of Cytotoxicity (RC) Chemicals and RC Outliers1 by Toxicity 321 

Category 322 

Candidate and Selected Chemicals  
GHS2 Category  
(LD50 in mg/kg) 

RC Outliers/ 
Total Chemicals Candidate 

Chemicals 
RC Reference /  
RC Candidates 

RC Reference Outliers/ 
RC Reference Chemicals 

LD50 ≤ 5  10/11 (91%) 13 9/10 8/9 (89%) 

5 < LD50 ≤ 50  15/26 (58%) 15 8/10 4/8 (50%) 

50 < LD50 ≤ 300  24/70 (34%) 26 11/18 5/11 (45%) 

300 < LD50 ≤ 2000  14/139 (10%) 38 9/29 0/9 (0%) 

2000 < LD50 ≤ 5000  12/57 (21%) 12 10/10 0/10 (0%) 

LD50 > 5000  20/44 (45%) 12 11/11 5/11 (45%) 

Total 95/347 (27%) 116 58/88 22/58 (38%) 
1Chemicals falling outside the log 5 (i.e., > ± 0.699) prediction interval for the RC regression (Halle 1998).  323 
2GHS: Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005). 324 
 325 
 326 
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Figure 3-1 The Fifty-Eight (58) Selected Registry of Cytotoxicity (RC) Chemicals on 327 

the RC Regression  328 
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 329 

The 58 RC chemicals tested in the NICEATM/ECVAM validation study are shown by *.  The RC 330 
regression, log (LD50) = 0.435 x log (IC50x) + 0.625, is shown by the bold line.  The lighter lines show 331 
the ± log 5 (i.e., ± 0.699) prediction interval (Halle 1998).  The remaining 289 RC data points are 332 
shown by the open boxes. 333 
 334 

 335 

3.3.2 Chemical Classes Represented by the Selected Reference Substances 336 

Medical subject headings (MeSH) from the NLM were used to determine chemical class for 337 

the selected chemicals.  Of the 72 reference substances, 55 (76%) were organic compounds 338 

and 17 (24%) were inorganic compounds.  The most commonly represented classes of 339 

organic compounds were heterocyclic compounds (14/55, 26%), carboxylic acids (12/55, 340 

22%), and alcohols (10/55, 18%).  Table 3-5 shows the distribution of the selected chemicals 341 

among the GHS toxicity categories.  The 14 heterocyclic compounds were rather evenly 342 
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distributed among the first four GHS toxicity categories for LD50 ≤ 2000 mg/kg with the 343 

majority of the heterocyclics (11/14) in the categories for LD50 < 300 mg/kg.  The majority 344 

of the carboxylic acids (10/12) and alcohols (8/10) had LD50 > 300 mg/kg.  The majority of 345 

the inorganic compounds (12/17) had LD50 < 300 mg/kg. 346 

 347 

3.3.3 Product/Use Classes Represented by the Selected Reference Substances 348 

Product and use information for the selected chemicals was obtained from HSDB (NLM 349 

2002) or RTECS® (MDL Information Systems 2002).  Since more than one use was reported 350 

for some chemicals, the number of assigned uses (77) is greater than the number of selected 351 

chemicals.  Table 3-6 shows the distribution of products and uses of the selected chemicals 352 

among the GHS toxicity categories.  Pharmaceutical (27/77; 35%) and pesticide (17/77; 353 

22%) uses were observed most frequently.  The toxicity category for 300 < LD50 ≤ 2000 354 

mg/kg had the highest number of chemicals with pharmaceutical uses.  Every toxicity 355 

category except for LD50 > 5000 mg/kg had at least four chemicals with pharmaceutical uses.  356 

The majority of chemicals (16/17; 94%) with pesticide uses had LD50 < 300 mg/kg.  The next 357 

most frequent uses for the selected chemicals were solvents (8/77; 10%) and food additives 358 

(5/77; 6%).  The toxicity categories for LD50 > 2000 mg/kg contained most of the chemicals 359 

with solvent (8/8; 100%) and food additive (4/5; 80%) uses.  360 

 361 

3.3.4 Toxicological Characteristics of the Selected Reference Substances 362 

Corrosivity 363 

During the chemical selection process, the intent of the SMT was prioritize chemicals with 364 

low corrosivity because guidelines for acute systemic toxicity testing indicate that corrosive 365 

or severely irritating chemicals need not be tested (OECD 2001a, c, d).  The UN and U.S. 366 

Department of Transportation Packing Group (DOT PG) classification system was used to 367 

classify the corrosivity hazard associated with the candidate chemicals.  However, after 368 

chemical selection was completed and testing had begun, the SMT discovered that the PG 369 

classification system is also based on hazards other than corrosivity (e.g., dermal and 370 

inhalation toxicity, flammability, etc.).  Thus, the selected chemicals were not actually 371 

prioritized by corrosivity.  Subsequent information on the corrosivity of the selected 372 

chemicals was obtained from HSDB (NLM 2004) and the Material Safety Data Sheets 373 
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(MSDS) provided with the purchased reference substances.  Seven substances had corrosive 374 

notations.  The MSDSs for lactic acid, sodium hypochlorite, sodium oxalate, and 375 

trichloroacetic acid indicated that these chemicals should carry a corrosive label.  Chloral 376 

hydrate, mercury II chloride, and potassium cyanide were noted to be corrosive to eyes or 377 

skin by their HSDB files. 378 
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  379 

Table 3-5 Distribution of Chemical Class for the 72 Reference Substances by Toxicity Category 

 GHS Acute Oral Toxicity Category1 (mg/kg) 
Chemical Class2 ≤ 5 > 5 - ≤ 50 > 50 - ≤ 300 > 300 - ≤ 2000 > 2000 - ≤ 5000 > 5000 

Total 

Organic               
Heterocyclic compound 4 3 4 3 0 0 14 

Carboxylic acid 1 0 1 3 3 4 12 

Alcohol 2 0 0 2 1 5 10 

Amide 0 0 0 1 2 0 3 

Halogenated hydrocarbon 0 0 1 0 1 1 3 

Cyclic hydrocarbon 0 0 1 0 1 0 2 

Hydrocarbon 0 1 0 0 0 1 2 
Organophosphorous 
compound 2 1 0 0 0 0 3 

Polycyclic compound 0 1 0 1 0 0 2 

Amine 0 0 1 0 0 0 1 

Nitrile 0 0 0 0 1 0 1 

Organometallic compound 0 1 0 0 0 0 1 

Phenol  0 0 0 1 0 0 1 

Total 9 7 8 11 9 11 55 

Inorganic               

Arsenical 0 2 0 0 0 0 2 

Sulfur compound 1 0 1 0 0 0 2 

Boron compound 0 0 0 0 1 0 1 

Cadmium compound 0 0 1 0 0 0 1 

Ketone 0 0 1 0 0 0 1 

Lithium compound 0 0 0 1 0 0 1 

Mercury compound 1 0 0 0 0 0 1 

Metal 0 1 0 0 0 0 1 
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Table 3-5 Distribution of Chemical Class for the 72 Reference Substances by Toxicity Category 

 GHS Acute Oral Toxicity Category1 (mg/kg) 
Chemical Class2 ≤ 5 > 5 - ≤ 50 > 50 - ≤ 300 > 300 - ≤ 2000 > 2000 - ≤ 5000 > 5000 

Total 

Potassium, chlorine compound 0 0 0 0 1 0 1 

Potassium, nitrogen compound 0 1 0 0 0 0 1 

Sodium, chlorine compound 0 0 0 0 1 0 1 

Sodium, chromium compound 0 1 0 0 0 0 1 

Sodium, fluorine compound 0 0 1 0 0 0 1 
Sodium, oxygen, chlorine 
compound 0 0 0 0 0 1 1 

Sodium, selenium compound 1 0 0 0 0 0 1 

Total 3 5 4 1 3 1 17 
1GHS: Globally Harmonized System of Classification and Labelling of Chemicals based on oral LD50 (UN 2005). 380 
≤ 5:   LD50 ≤ 5 mg/kg 381 
> 5 - ≤ 50:  5 < LD50 ≤ 50 mg/kg 382 
> 50 - ≤ 300:  50 <LD50 ≤ 300 mg/kg 383 
> 300 - ≤ 2000:  300 < LD50 ≤ 2000 mg/kg 384 
> 2000 - ≤ 5000:  2000 < LD50 ≤ 5000 mg/kg 385 
> 5000:   LD50 > 5000 mg/kg 386 
2Based on the Medical Subject Heading [MeSH] index (NLM 2005). 387 

388 
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Table 3-6 Distribution of Product/Use1 Class for the 72 Reference Substances by Toxicity Category 388 

 GHS Acute Oral Toxicity Category2 (mg/kg) 
Product/Use Class1 ≤ 5 > 5 - ≤ 50 > 50 - ≤ 300 > 300 - ≤ 2000 > 2000 - ≤ 5000 > 5000 

Total 

Antibiotic/fungicide 1 0 0 0 0 0 1 

Antifreeze 0 0 0 0 0 1 1 

Consumer/industrial products 0 0 1 0 0 0 1 

Disinfectant 0 0 1 1 0 2 4 

Electroplating 0 2 0 0 0 0 2 

Fluoridation 0 0 1 0 0 0 1 

Feed additive 1 0 0 0 0 0 1 

Fixative 0 0 0 0 1 0 1 

Food additive 0 0 1 0 3 1 5 

Manufacturing 1 0 0 0 1 0 2 

Oxidizing agent 0 1 0 0 0 0 1 

Paints, cleaners 0 0 1 0 0 0 1 

Pesticide  5 7 4 0 1 0 17 

Pharmaceutical  4 3 4 11 4 1 27 

Plant growth regulator 0 0 0 0 0 1 1 

Plasticizer 0 0 0 0 0 2 2 

Preservative 1 0 0 0 0 0 1 

Solvent 0 0 0 0 4 4 8 
1Product/use categories from Hazardous Substances Data Bank (NLM 2002) or Registry of Toxic Effects of Chemical Substances ([RTECS®], MDL Information 389 
Systems 2002).  Some chemicals are counted more than once due to multiple uses. 390 
≤ 5:   LD50 ≤ 5 mg/kg 391 
> 5 - ≤ 50:  5 < LD50 ≤ 50 mg/kg 392 
> 50 - ≤ 300:  50 < LD50 ≤ 300 mg/kg 393 
> 300 - ≤ 2000:  300 < LD50 ≤ 2000 mg/kg 394 
> 2000 - ≤ 5000:  2000 < LD50 ≤ 5000 mg/kg 395 
> 5000:   LD50 > 5000 mg/kg 396 
2GHS: Globally Harmonized System of Classification and Labelling of Chemicals based on oral LD50 (UN 2005). 397 
 398 
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Toxicity Targets 399 

As shown in Appendix F, the most common toxicological effects were neurological (40 400 

reference substances); 26 reference substances cause central nervous system (CNS) 401 

depression, seven reference substances produce CNS stimulation, four reference substances 402 

produce other CNS affects such as encephalopathy, and three reference substances attack the 403 

peripheral nervous system.  Other common toxicity targets include the liver (17 reference 404 

substances), kidney (15 reference substances), and cardiovascular system (10 reference 405 

substances).  No target organ information was available for gibberellic acid.  Among the 72 406 

reference substances, 27 had multiple toxicity targets. 407 

 408 

Metabolism 409 

Table 3-7 shows the 22 reference substances that are known or expected to produce 410 

active/toxic metabolites in vivo.  In contrast, dichlorvos, fenpropathrin, meprobamate, 411 

phenylthiourea, and sodium dichromate are known to be rapidly inactivated by metabolism in 412 

vivo to less toxic compounds.  Because the NHK and 3T3 cells have little (see Babich 1991) 413 

or no metabolic capability, respectively, metabolites of these compound would be 414 

unavailable in vitro.  See Appendix F-2 for more information on the metabolism of the 415 

selected chemicals. 416 

 417 

Table 3-7 Reference Substances Metabolized to Active Metabolites 418 

Known to Have Active Metabolites 
Active Metabolites 

Expected 

Acetaminophen Carbamazepine Digoxin Methanol Carbon tetrachloride 

Acetonitrile Chloral hydrate Disulfoton Parathion Triethylenemelamine 

Acetylsalicylic acid Cycloheximide Ethanol Procainamide HCl Valproic acid 

Amitriptyline HCl Dibutyl phthalate Ethylene glycol Verapamil HCl  

Busulfan Diethyl phthalate Glutethimide   

 419 

 420 

3.3.5 Selection of Reference Substances for Testing in Validation Study Phases Ib and II 421 

Based on the Guidance Document (ICCVAM 2001b) recommendation that 10-20 chemicals 422 

be tested to qualify candidate in vitro cytotoxicity tests for determining starting doses for 423 

acute oral systemic toxicity assays, 12 reference substances were chosen from the 72 424 
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reference substances for testing in Phases Ib and II of the validation study (see Table 3-8).  425 

The criteria for choosing these reference substances, in order of importance, were:  426 

• two reference substances must be included from each of the five GHS toxicity 427 

categories and the unclassified category  428 

• the log LD50 (mmol/kg) must be within 0.699 of the RC regression (i.e., within 429 

the RC prediction interval).  The Guidance Document (ICCVAM 2001b) 430 

recommends that reference substances for evaluating a cytotoxicity test to use 431 

with the RC regression fit the regression as closely as possible  432 

• MEIC chemicals must be included.  Cytotoxicity data from these phases (and 433 

Phase III of this study) and the available human toxicity information for the 434 

MEIC chemicals could be used to build a prediction model for estimating 435 

human lethal blood concentrations.  Phase Ib reference substances arsenic 436 

trioxide and ethylene glycol are EDIT chemicals 437 

 438 

If more than two chemicals in a GHS category met the above criteria, reference substances 439 

were selected so that the LD50 was as close to the RC prediction as possible and/or to 440 

represent the range of toxicity in each GHS category.   441 

 442 

Only nine reference substances of the 72 selected reference substances fit all three criteria.  443 

One reference substance was not within the RC acceptance interval.  For the most toxic 444 

category (i.e., LD50 ≤ 5 mg/kg), only one RC chemical, aminopterin, was within 0.699 of the 445 

RC regression.  Sodium selenate, whose fit to the RC regression was unknown and had not 446 

been tested in the MEIC study, was included in this toxicity category.  In addition, neither of 447 

the two reference substances chosen for the LD50 ≤ 5 mg/kg category, aminopterin and 448 

sodium selenate, were MEIC chemicals.  449 

 450 

 451 

 452 

 453 

 454 

455 
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Table 3-8 Reference Substances Tested in Phases Ib and II 455 

Reference Substances CASRN 
RC 

Reference 
No. 

MEIC 
Reference 

No. 

Rodent Oral 
LD50

1 

(mg/kg) 

Observed – 
Predicted 
log LD50

2 

LD50 ≤ 5 mg/kg 

Aminopterin 54-62-6 3 NA 3 -0.652 
Sodium selenate 13410-01-0 NA NA 1.63 NA 

5 < LD50 ≤ 50 mg/kg 

Colchicine 64-86-8 6 60 64 -0.593 
Arsenic III trioxide 1327-53-3 153 26 20 -0.591 

50 < LD50 ≤ 300 mg/kg 

Cadmium II chloride 10108-64-2 81 NA 88 -0.336 
Sodium I fluoride 7681-49-4 106 14 180 -0.109 

300 < LD50 ≤ 2000 mg/kg 

DL-Propranolol HCl 350-60-90 54 23 4704 -0.023 
Lithium I carbonate 544-13-2 3274 20 11874,5 -0.2564 

2000 < LD50 ≤ 5000 mg/kg 

Potassium I chloride 7447-40-7 346 50 2602 0.085 
Chloramphenicol 56-75-7 91 45 3393 0.441 

LD50 > 5000 mg/kg 

2-Propanol 67-63-0 128 10 5843 0.396 
Ethylene glycol 107-21-1 360 7 8567 0.321 

1From the RC (Halle 1998) unless otherwise indicated.  Data for rats unless otherwise indicated. 456 
2Available only for chemicals included in the RC.  This figure characterizes the log LD50 deviation from the RC 457 
regression.  Outliers are > ± 0.699 from the regression line. 458 
3RTECS® (MDL Information Systems 2002). 459 
4Mouse data. 460 
5Data for lithium sulfate. 461 
Abbreviations: CASRN = Chemical Abstracts Service Registry Number; RC = Registry of Cytotoxicity; MEIC 462 
= Multicentre Evaluation of In Vitro Cytotoxicity; NA – not applicable; chemical not included in the RC and/or 463 
MEIC studies. 464 
 465 

 466 

3.3.6 Unsuitable and Challenging Reference Substances 467 

Several reference substances could not be adequately tested for cytotoxicity in either or both 468 

of the 3T3 or NHK NRU test methods.  Under the conditions of the NRU cytotoxicity test, 469 

the following reference substances did not produce sufficient toxicity at soluble 470 

concentrations for calculation of an IC50 at the highest concentrations that could be tested:  471 

• carbon tetrachloride in either the 3T3 or NHK test method in all three  472 

laboratories 473 

• xylene in either test method in two laboratories 474 
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• methanol in the 3T3 test method in all three laboratories and in the NHK test 475 

method in two laboratories 476 

• lithium carbonate in the 3T3 test method in two laboratories 477 

• 1,1,1-trichloroethane in the NHK test method in two laboratories   478 

• valproic acid in the 3T3 test method in one laboratory 479 

 480 

Other reference substances were difficult to test, but three acceptable tests were obtained 481 

after a number of trials. 482 

• Acetonitrile and 2-propanol were so volatile and nontoxic that, even with the 483 

use of film plate sealers, one to seven tests failed at each laboratory.  Tests with 484 

these two reference substances often failed the VC and data points criteria.   485 

• Disulfoton failed at least one test in both test methods in two laboratories due to 486 

inadequate toxicity and solubility.   487 

• Dibutyl phthalate failed one 3T3 test at one laboratory and one NHK test at one 488 

laboratory due to inadequate toxicity and solubility. 489 

• Lindane failed one 3T3 test due to inadequate toxicity and solubility and one 490 

3T3 test due to volatility.    491 

• Parathion failed one test due to inadequate toxicity and solubility in both the 492 

3T3 and NHK test methods and one NHK test due to volatility. 493 

• Diethyl phthalate failed one NHK test due to volatility.  494 

• Digoxin, gibberellic acid, and strychnine failed at least one 3T3 test in more 495 

than one laboratory due to inadequate toxicity and solubility.  496 

  497 

3.4 Reference Substance Procurement, Coding, and Distribution  498 

 499 

Reference substances were purchased from the suppliers in the purities indicated in 500 

Appendix F and distributed by BioReliance Corporation (Rockville, MD).  BioReliance also 501 

collected information from the suppliers on the analytical purity, composition, and stability 502 

of the reference substances.  BioReliance tested the reference substances for solubility, 503 

packaged them into 4 g aliquots for shipment to the cytotoxicity testing laboratories, and 504 

archived two additional samples.  All reference substances were randomly coded to conceal 505 
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the identities from the cytotoxicity testing laboratories.  Each reference substance had a code 506 

unique for each testing facility.  About 100 g of the positive control, SLS, was distributed to 507 

each laboratory and one additional sample was archived.  508 

 509 

Reference substances were packaged to minimize damage during transit and shipped under 510 

appropriate storage conditions and according to proper regulatory transportation procedures.  511 

Testing facilities were notified upon shipment in order to prepare for receipt.  With the 512 

exception of the positive control shipment, which was shipped directly to the Study 513 

Directors, the reference substances were shipped to the test facility Safety Officers.  514 

Reference substances shipments were accompanied by a sealed information packet 515 

containing the appropriate health and safety procedures for use (i.e., MSDS or equivalent 516 

documentation with information regarding the proper protection for handling, procedures for 517 

dealing with accidental ingestion or contact with skin or eyes, and procedures for containing 518 

and recovering spills) and a disclosure key for identifying reference substances by code.  519 

Also provided was a data sheet giving a minimum of essential information for each reference 520 

substance, including color, odor, physical state, weight or volume of sample, specific density 521 

for liquid reference substances, and storage instructions.  The shipment directed the Safety 522 

Officer to:  523 

• notify BioReliance and the SMT upon receipt of reference substances  524 

• retain the health and safety package and provide the reference substances and 525 

chemical data sheets to the Study Director without revealing the identities of the 526 

reference substances  527 

• notify the SMT if test facility personnel open the health and safety packet at any 528 

time during the study  529 

• return the unopened health and safety package to BioReliance after testing is 530 

complete 531 

 532 

Exceptions 533 

The Safety Officer for ECBC required the information on reference substance codes before 534 

the substances were shipped to the Safety Office to satisfy the facility’s environmental 535 

procedures and requirements.  The reference substance codes were stored in a classified safe 536 
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located in the Safety Office, which was in a building separate from the cytotoxicity testing 537 

laboratory.  Cytotoxicity testing personnel had no access to the reference substance codes.  538 

The ECBC Safety Officer opened the sealed health and safety packets for lithium carbonate 539 

and ethanol upon receipt of those substances because the code information for these 540 

substances was not included in the list originally provided.  ECBC cytotoxicity testing 541 

personnel never had access to the reference substance codes. 542 

 543 

3.5 Reference Substances Recommended by the Guidance Document (ICCVAM 544 

2001b) 545 

 546 

The Guidance Document method for evaluating basal cytotoxicity assays for use in 547 

predicting starting doses for acute oral toxicity assays provides the existing performance 548 

standard (ICCVAM 2001b) for the 3T3 and NHK NRU test methods.  The Guidance 549 

Document specifically recommends testing the following 11 chemicals to qualify candidate 550 

basal cytotoxicity assays: sodium dichromate dihydrate, cadmium chloride, p-551 

phenylenediamine, DL-propranolol HCl, trichlorfon, ibuprofen, nalidixic acid, salicylic acid, 552 

antipyrene, dimethylformamide, and glycerol (ICCVAM 2001b).  Although the 11 reference 553 

chemicals recommended in the Guidance Document were considered as candidates for 554 

testing in the NICEATM/ECVAM validation study (see Section 3.1.2), only sodium 555 

dichromate dihydrate, cadmium chloride, DL-propranolol HCl, dimethylformamide, and 556 

glycerol were chosen for testing after the candidate chemicals were prioritized as described 557 

in Section 3.1.3.  The other seven were excluded based on the criterion hierarchy used to 558 

determine the selected chemicals (e.g., were not MEIC chemicals, not identified as high 559 

exposure risk in TESS) 560 

 561 

3.6 Summary 562 

 563 

Seventy-two reference substances were selected for testing in the NICEATM/ECVAM 564 

validation study.  The reference substances were selected to represent: (1) the complete range 565 

of in vivo acute oral toxicity ranges (in terms of LD50 values); (2) the types of substances 566 

regulated by various regulatory authorities; and (3) those with human toxicity data and/or 567 
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human exposure potential.  To assure the complete range of toxicity was covered, the 568 

Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005) was 569 

used to select 12 chemicals for each acute oral toxicity category and 12 unclassified 570 

chemicals.  The set of selected reference substances had the following characteristics: 571 

• 38% (27/72) of the substances had pharmaceutical uses, 21% (15/72) had 572 

pesticide uses, 11% (8/72) had solvent uses, and 7% (5/72) had food additive 573 

uses.  The remaining substances were used for a variety of manufacturing and 574 

consumer products  575 

• relevance of the substances to human exposures was indicated by the fact that 576 

58% (42/72) were included in the MEIC study, 24% (17/72) were included in 577 

the EDIT program, 64% (46/72) had human exposures reported by TESS, 71% 578 

(51/72) had been evaluated by NTP, and 25% (18/72) were included in EPA’s 579 

HPV list  580 

• 81% (58/72) of the substances were also included in the RC and 38% (22/58) of 581 

these were outliers with respect to the RC regression  582 

• 76% (55/72) were organic compounds and 24% (17/72) were inorganic 583 

compounds.  The most commonly represented classes of organic compounds 584 

were heterocyclic compounds (26%, 14/55), carboxylic acids (22%, 12/55), and 585 

alcohols (18%, 10/55)   586 

• 19 substances (26%, 19/72,) were known to have active metabolites and three 587 

additional substances were expected to have active metabolites    588 

• many of the selected chemicals had multiple target organs.  The most common 589 

effects were neurological (40 chemicals), liver (17 chemicals), kidney (15 590 

chemicals), and cardiovascular (10 chemicals).  No target organ information 591 

was available for one chemical (gibberellic acid)  592 

593 
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